Three-dimensional cell colonization in a sulfate rich environment.
Glycosaminoglycans (GAGs) have been explored for regenerating various tissues due to their involvement in diverse bioregulatory activity. However, understanding their influence on cell colonization in three-dimension (3-D) has been difficult due to variation in their molecular weight, degree of sulfation, and lack of in vitro models. This research focused on developing an in vitro model and evaluating the influence of MW (5, 10, and 500 kDa) of negatively charged dextran sulfate (DS), a semisynthetic GAG analog, on cell colonization. DS was combined with chitosan, a positively charged polymer in solution and porous 3-D matrices were formed inside 24-well plates using controlled rate freezing and lyophilization technique by two schemes: (i) chitosan structures were formed and then allowed to react with DS; (ii) DS was reacted with chitosan in solution and then matrices were formed. Scanning electron microscopy analysis showed that forming matrices after reacting DS with chitosan was more suitable for tissue regeneration. Analysis for the quantity and stability of DS by toluidine blue assay indicated significant presence of DS in the 3-D matrices even after seven days of incubation in phosphate buffered saline solution. Matrices formed by reacting 4% 5 kDa, 2% 10 kDa and 1% 500 kDa DS solution with chitosan had optimum porosity and mechanical stability. Next, 25,000 fibroblasts per matrix were seeded onto 3-D matrices and analyzed for proliferation by MTT-formazan assay, cytoskeletal organization by actin staining, and histological analysis by H/E staining. These results showed that cell growth was better on low MW containing 2-D membranes but high MW DS containing 3-D matrix supported cell growth similar to chitosan. Also, cells showed peripheral actin distribution in 3-D matrices. Analysis of fibronectin binding by ELISA showed negligible binding to all the DS-containing matrices, unlike chitosan. In summary, results show cell colonization on negatively charged matrices, similar to chitosan.